Norepinephrine (NE) has been shown to inhibit human peripheral blood-derived naturalkiller (NK) cell cytotoxicity (NKCC) in vitro. We demonstrate in this study that NE not only inhibits IL-2-activated NKCC but antibody-dependent cellular cytotoxicity (ADCC) as well. NK cytotoxicity by purified NK cells against K562 (NKCC) and against Raji cells (ADCC) were inhibited by NE (1-100 µM) by more than 50% in a 4-h 51 Cr release assay. The mechanism underlying the inhibition has been examined. NK cytotoxicity is dependent on target recognition and formation of NK-target conjugates, and activation by IL-2 is dependent on the secretion of cytokines (such as TNF-α) by NK cells. We hypothesized that the inhibition of NK functions by NE may be due to disruption of NK-target conjugation, blocking programming for lysis, and/or inhibition of cytokine secretion. Pretreatment of human peripheral blood mononuclear cells (PBMC) with NE for 15 min significantly reduced the binding to K562 cells by CD16 ϩ NK lymphocytes. In the presence of K562 cells, NE down-regulated the expression of CD16 (FcγRIII) by human PBMC, an NK cell receptor responsible and necessary for ADCC and cytokine secretion. We also demonstrate that NE inhibited the IL-2-mediated up-regulation of the activation marker CD69. At concentrations of 10 Ϫ6 to 10 Ϫ5 M, NE inhibited TNF-α, IFN-γ, and GM-CSF secretion by NK cells, which are essential for IL-2-driven NK maturation and functions. In addition, using single-cell analysis, NE pretreatment of lymphocytes reduced the frequency of killer cells in the NK-K562 conjugate population in a concentration-dependent manner, indicating an inhibition of the programming for lysis by NK cells. In summary, these data demonstrate that NE-induced inhibition of NK cytotoxicity is manifested at multiple levels, including a modification of NK cell receptor ligation to target cells, blockade of NK cytokine secretion necessary for NK maturation and differentiation, and inhibition of the target-induced activation of the cytotoxic mechanism(s) in NK cells. Thus, sympathetic activation, as often induced experimentally, may profoundly impair natural cellular immunity through varied measurable pathways.
INTRODUCTION
Natural killer (NK) cells play an important role in the defense against infections (Welch, 1981) , graft rejection (Cuturi, Anegon, Sherman, Loudon, Clark, Perussia, & Trinchieri, 1989) , surveillance against tumors (Hercend & Schmidt, 1988; Trinchieri, 1989; Feisher, Rhim, & Baum, 1990; Kernohan, Sewell, & Walker, 1990) , and prevention of metastasis of cancers (Ben-Eliyahu, Page, Shakhar, & Taylor, 1996) . NK cells also participate in the regulation of hematopoiesis through cytokine production and cell to cell interaction (Cuturi et al., 1989; Murphy, Reynolds, Tiberghien, & 
